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INTRODUCTION 
Regional competitive advantages can be created by deploying processes, product innovations, 
and/or improving the performance of companies.  The concept of increasing returns to scale due to 
technology advances and the modern growth theory suggest that knowledge spillovers are passed 
through networks of people.  Dense co-location of companies different from industries in large urban 
areas creates an environment for deploying new knowledge and increasing productivity of companies.  
Although the presence of mature industries is more often considered to be a burden than a resource of 
regional growth, a fair judgment about their true influence on economic development can be made if 
we understand the role of these industries in regional economies, their impact on technology 
innovation, and their potential to create regional competitive advantage.   
Studies of knowledge flows provide information about the passage of knowledge and innovation 
from one region to another over time and indicate the current and future positions of regions within 
different fields of patenting.  Understanding the region’s current position within the larger patterns of 
knowledge flows that are critical to regional core industries will empower policy makers to develop a 
regional strategy supporting industrial and technology clusters that have potential to grow and create 
regional wealth. 
This report is a descriptive study of the patenting fields and knowledge spillovers in the product 
fields that are critical in the Cleveland-Elyria-Mentor Metropolitan Statistical Area,1 the 23rd largest 
metropolitan area in the country.  The report begins with a brief introduction of a regional innovation 
system as a framework for looking at the exchange of knowledge among the U.S. metropolitan areas, 
followed by an explanation of the basic unit of our analysis – the unit of innovative knowledge.  In the 
third section of this study we use patent data from the U.S. Patent and Trademark Office (USPTO) to 
look at the national and regional trends of patenting activity over time.  The next section describes the 
pattern of changes in patenting activity across U.S. metropolitan areas in Cleveland’s critical patenting 
areas.  Patent citations are used to map and assess the volume of interactions among regional inventors 
over time.  Finally, we present conclusions that point to specific areas of patenting as a possible focus of 
regional public policy directed to support innovative clusters in the Cleveland MSA.   
By identifying the critical patenting fields and mapping patent citations flows we address two 
main research questions: (1) whether the Cleveland MSA is an integral part of any regional or 
intraregional innovation system and, (2) whether the manufacturing industries that compose the 
                                                          
1
 Hereafter referred to as the Cleveland MSA. 
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economic base of this region relate to Cleveland’s innovating fields.  The study also investigates whether 
the Cleveland MSA’s specialization in patenting is aligned with innovative areas that are growing in other 
regions and nationally. The comparison between the patenting fields of the Cleveland MSA and the 
national fields shows the areas in which Cleveland is on the cutting edge of global technology 
development and Cleveland’s unique fields of patenting. The unique fields of patenting in Cleveland 
might indicate that the region has an opportunity to develop exclusive expertise leading to unique 
innovation, thus becoming an important player in emerging innovation systems. 
This report presents the results of the first part of a two-fold study on the knowledge flows of 
the Cleveland MSA.  This part describes the knowledge flows among U.S. metropolitan areas in product 
fields that are at the heart of innovation in the Cleveland region and compares the region to other 
metropolitan areas and the nation as a whole in the pattern of patent citation flows over time.  The 
second study will look at the technology cycles of the product fields most relevant for Cleveland.  The 
dynamics of the innovative activity within these product fields will be compared to the dynamics of the 
corresponding industries in the regional economy.  This two-fold research will inform the regional 
community of the areas of technology development where Cleveland has a potential to advance its 
economy.  Public policy can help to strengthen corresponding industrial clusters and address the gaps 
and opportunities in the regional infrastructure for developing a technology-based economy. 
 
METHODOLOGY AND DATA  
Regional Innovation Systems 
A number of scholars have studied knowledge spillovers in agglomeration economies and their 
implications for regional economic outcomes.  As a result, there is a vast pool of recent studies on 
technology-based economic development.2   
Since the 1980s, many studies3 have analyzed innovation processes within geographical 
systems.  This stream of research started with identifying national innovation systems (NIS) in the 
nation-states of Europe, assuming that the occurrence of innovation depends on the structure and 
organization of industries and companies within a nation, existing networks (social and institutional), 
size of the region, and environmental infrastructures (physical, financial, cultural).  Nelson (1993) 
analyzed the nation-state and Lundvall (1992) identified the NIS as a system that includes “all parts and 
                                                          
2
 Phelps (1992), Mohnen (2001), Varga (1997), Baptista (1998), Feldman (1999), Hall and Toole (1999), Breschi and Lissoni 
(2001), Johanson and Forslund (2005), and Doring and Schnellenbach (2006). 
3
 Edquist (1997a, 1997b), Freeman (1991, 1995), Freeman and Soete (2000), Lundvall (1992), Maskell et al. (1998). 
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aspects of the economic structure and the institutional set-up affecting learning as well as searching and 
exploring the production system, the marketing system and the system of finance” (p.12).   
The increased interest in regional innovation systems (RIS) was triggered by the regionalization 
of production and the growing importance of regions in global competition.  Regions with high levels of 
specialization in a few industries or clusters can compete with other similarly specialized regions within 
the nation or globally.  Although a region, unlike a firm, cannot “go out of business,” a competitive 
region should have a highly educated workforce, high rates of innovation, and/or develop new 
industries and products. 
A few factors influenced increasing regionalization, and therefore, the importance of RIS, such 
as downsizing microeconomic units of production from large corporations to clusters of small firms 
which lead regions in production and research and development (R&D) activities.4  These small 
companies are often not capable of carrying on R&D endogenously.  The necessity for continuous 
innovation with the purpose of developing or retaining regional companies’ competitive advantage 
changed the whole paradigm of learning.5   Developing new knowledge within the region or learning 
from other regions becomes vital for achieving high productivity based on constant product and process 
innovation, attracting investment and high-skilled labor, and maintaining high wages and a high 
standard of living.6   
A regional innovation system includes unique institutional endowments that can support and 
reinforce local competitive advantage by carrying embedded knowledge and supporting the creation of 
new knowledge.  Such institutional assets include universities and research institutions, associations of 
local producers, and technology-transfer agencies, all of whom interact within the framework of local 
policies and firm practices.  Each of these systems creates a local social dynamic that, if innovation-
oriented, can be attractive to companies from outside the region to move in and for venture capitalists 
to invest there.  In response to the dynamics of RIS, local governments can develop policies that 
encourage firm networking, provide infrastructure, and support the environment that fosters innovation 
and entrepreneurship.7  
 
                                                          
4
 Hagstrom, P. and G. Hedlund. A Three-Dimentional Model of Changing Internal Structure in the Firm.  Enright, M.J. Regional 
Clusters and Firm Strategy. In Alfred Chandler, Orjan Solvell and Peter Hagstrom (eds.), The Dynamic Firm, Oxford University 
Press, U.K., 1998, pp. 170-182 and pp.315-342. 
5
 For more details on types of innovation systems see Appendix 1. 
6
 Martin, R. Thinking About Regional Competitiveness: Critical Issues. Report for the East Midlands Regional Development 
Agency, 44pp. (2005), retrieved from 
http://www.intelligenceeastmidlands.org.uk/uploads/documents/89137/RonMartinpaper1.pdf, 12/13/2007. 
7
 Lundvall (1992), Nelson (1993), Maskell and Malmberg (1999), Cook and Memedovic (2003), Gertler and Wolf (2004). 
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Patent Citations as a Measure of Knowledge Spillovers 
Although many scholars acknowledge that patent counts and patent citations are not perfect 
measures, they are widely accepted as valid indicators of innovation and knowledge spillovers.  There 
are several data limitations that should be acknowledged when using patents as a measure of 
innovation: 
• inaccuracy in counting the number of patents and patent citations due to mechanical errors of 
recordings;  
• subjective nature of assigning patents to proper locations, industries, and time intervals;8  
• accuracy of patent citations due to patenting agent errors; and  
• under-assessing innovation via the total number of patents due to internal industrial trade 
secrets that discourage some inventors from patenting to avoid disclosing information to 
public record that allows a company to receive monopolistic rents.   
In addition to these limitations, patent counts represent a limited measure of innovation because 
the U.S. Patent and Trademark Office usually has a backlog of patent cases.9  Patent citations that are 
derived from the recorded patents indicate undercounted intraregional and interregional technology 
flows and knowledge spillovers.   
Many patent studies use the method of assigning a patent to the first author as recorded in the 
submitted application and then transferred to the USPTO record of a granted patent.  This method is 
also used by USPTO to tabulate patents by geographies due to the simplicity and clarity of calculations.  
According to the office’s specialists, USPTO does not ask who is a principal author, assuming that the 
order of names in the application represents the level of involvement of multiple authors in creating a 
patent (decreasing from the first to the last author).10  This method distorts the data on knowledge 
                                                          
8
 There are several methodologies of assigning a patent to specific geography.  The most common practice follows the address 
of an inventor(s) and assigns it to the corresponding U.S. county and metropolitan area. Another method uses the address of a 
company that holds a patent as an identifier of the location of innovation. There are also several methods to apply patents to 
corresponding industries.  This report presents the most common methodology of applying patents to industries using the 
pattern of industry products, though alternative methods use the industrial assignment of a company that holds a patent as a 
patent primary connection to a specific industry. The limitations of patent data also include a major difference between the 
date when an invention was registered in the patent office as an application for a patent and the date when patent rights were 
granted to the invention.  The application date of a patent is preferred for the analysis of innovation as it reflects most recent 
innovation and is not distorted by the time difference between the date when an application was filed and the date when a 
patent right was granted.  The length of this lag is different for each patent and depends on many factors, especially on the 
generality and innovative nature of an invention; i.e. incremental inventions usually have a shorter review period and are 
granted patent rights faster. 
9
 Hogarth, Marie-Anne “Biotech see big danger in patent rules changes. East Business Times, September 15, 2006. 
10
 Ducor P. Coauthorship and coinventorship. Science. 2000;289:873-875. 
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flows, especially if two or more authors have equal input for new knowledge in a patent.11  There is an 
alternative way of counting the total number of patents that assigns fractions of patents to each 
inventor depending on the number of authors listed in the application.12  Although this method more 
accurately presents information for assessing the amount and typology of intra- and inter-regional 
innovation flows, it is complex to calculate and hard to interpret. 
In our study, a patent citation is assigned to each author of the patent and each invention is 
counted as a whole unit, which we consider a unit of innovative knowledge.  Studying knowledge flows 
in different industries through the patent citations, we are interested in assessing the level of innovative 
activity in each area, and we assume that each co-author of a patent carries the whole body of new 
knowledge that extends knowledge flows from region to region.  Another way of looking at the 
calculated total number of innovative knowledge units in a metropolitan area is to present it as the total 
number of inventors involved in developing new patents in a region.13  Therefore, this number 
represents the count of educated and creative people who actively develop new knowledge in a region.  
We assume that patent inventors are both highly educated and creative, and their count reflects the 
level of innovativeness of the regional economy.  
The patent literature often eliminates self-citations from the overall pool of citations considering 
them to be lacking a “transaction recipient.”14   We consider a self-citation as new knowledge developed 
by the same agent (even if it is a new application of existing knowledge in a new industry or a new 
market). 15  In this study, we are interested not only in studying how knowledge travels among regions 
over time; we also want to assess the overall scope of regional units of innovative knowledge.  The 
scope of innovation, represented by the units of innovative knowledge in each metropolitan area, 
accounts for the cases where patent co-authors reside in different metro areas.  In 2003, 68% of all 
patents issued in the United States were filed by multiple co-authors, and the average number of co-
authors in a group of multi-authored patents was 3.3. 
                                                          
11
 We also confirmed with USPTO that it is a tradition but not a requirement that the most important inventor be cited first on 
an application.  We are equally aware of another phenomenon of the patent data – citations added by the officers of 
technology transfer offices or patent attorneys in the process of filing a patent application, which requires listing previous 
related patents.  Citations added this way might not be those that were actually the source of knowledge transfer and triggered 
patented innovation.  Inclusion in the application of irrelevant patents somewhat distorts the actual data and weakens the 
assumption of knowledge flows through patent citations.  However, we assume that these cases are minor across the universe 
of data citations at the national level and treat them as data noise. 
12
 CHI Research, Inc. uses this method of assigning patents to authors and geographies with consequent summing of patent 
shares and counting the number of patents by metro areas. 
13
 We do not count the same patent twice if both authors of a patent reside in the same metropolitan area. 
14
 If one author cites another during a patent citation, it is usually considered to be a transaction of knowledge. However, if the 
author cites his own previous patents, it is not considered as a transaction due to the absence of a different recipient. 
15
 According to Schumpeter (1934), disequilibria shocks or “creative destruction” can occur from producing a new good, 
introducing a new method of production, entering a new market, or creating the new organization of industry. 
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Assigning a patent only to the first author in multi-authored patents eliminates from the analysis 
the data on the exchange of knowledge within a group of co-authors and the transaction of that 
knowledge to all regions where the co-authors live and work.  In cases where the first inventor in 
consecutively cited patents is the same scientist (defined as a self-citation if assigned to the first 
inventor only), there is a high occurrence of different co-authors in the patent applications (see the 
example of the records #1 to #4 in Appendix Table A-2).  In the case of a multi co-authored patent, the 
transaction occurs by passing knowledge from one group of people to another group, often living in 
different regions of the country (see the example of the records #5 to #8 in Appendix Table A-2).  
Assigning each patent to each inventor, however, creates an inaccurate sum of the total number of 
patents.  The final count of citations that represents the total units of innovative knowledge in a region 
and in the United States is greater than the count of patents actually granted.   
The study analysis is based on the longitudinal USPTO data from 1975 to 2003.  The study uses 
the 2003 definition of metro areas and matches USPTO industrial classification of patents to North 
American Industry Classification System (NAICS) codes.  The report concentrates on describing patenting 
activities in product fields that are critical to the Cleveland MSA and looks at the knowledge flows in 
these fields between Cleveland and other U.S. metropolitan areas. 
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INNOVATIVE ACTIVITY IN THE CLEVELAND MSA AND THE UNITED STATES 
The overall trend of patenting activity in the United States is consistent with the conclusions of 
the U.S. patent system analysis16 that acknowledges weak performance of the system in the 1970s, 
significant efforts by the national legislature to change that system in the 1980s, followed by the 
recovery of patent activity in the 1990s, and a steady increase in registered patents during the early new 
millennium (Figure 1).   
Figure 1. Total Number of Patents,* 1975-2003 
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Different factors contributed to the changes in the patent system’s performance over time.  
According to Merril, Levin, and Myers (2004), the patent system was sluggish and not capable of keeping 
up with technological changes in the 1970s.  Substantial modification of the national patent policy was 
necessary to stimulate development of new knowledge and provide correct incentives to individuals and 
institutions at the core of innovative activity.  A number of changes were introduced to the patent policy 
during the 1980s.  New types of innovation required significant strengthening of the rights of intellectual 
property owners, including patentability of genetically modified organisms, software, business methods, 
                                                          
16
 A Patent System for the 21
st
 Century. S. Merril, R. Levin, and M. Myers, (Eds.), The National Academies Press. Washington 
D.C., 2004. 
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and other previously non-patentable types of inventions.  Extensive occurrence of materials in digital 
form required extending protection to other forms of intellectual property.  The Bayh-Dole Patent and 
Trademark Amendments Act of 1980 introduced new patent holders to the market – universities, non-
profit institutions, and small businesses that, according to new rules, could acquire exclusive rights for 
inventions developed with federal support.  Significant changes were introduced to the duration of 
some patents (the Sonny Bono Copyright Extension Act of 1998 lengthened copyright terms from 50 
years to 75 years beyond the lifetime of creator).  All these changes started to yield results in the 1990s 
and created a boom of patenting activity in the 2000s.  The growing volume of patenting was also 
associated with the perception of increased values of patents generated primarily by the deployment of 
inventions in biology and chemistry that were applied in the pharmaceutical industry. 
In the 1970s, the dynamic of patenting in Cleveland was similar to the national pattern.  
From 1975 through 1979, the number of patents in Cleveland declined steeply and then fluctuated 
with a moderate upward trend through the 1980s.  During the early-to-mid 1980s, regional 
innovative activity started to lag behind national activity and continued to stagnate through the 
early and mid 1990s, also lagging the number of patents filed by foreign inventors in the United 
States.  While the national figures on patents almost doubled by 2003, the number of patents filed 
by Cleveland’s inventors fell back to the level of 1975.  Battelle’s report on Ohio’s economic 
development strategy stated two major reasons why Ohio fell so far behind the national trend – 
the absence of incentives for companies to innovate and the large number of older and well 
established companies in Ohio that were not developing new products.17 
In this study, we examine the fastest growing product fields of patenting in terms of three major 
categories: 1) fast growing in Cleveland, the U.S., and among foreign inventors that patent in the U.S.; 2) 
growing fast in Cleveland, but not nationally and not among foreign patents in the U.S.; and 3) growing 
fast in the U.S. and among foreign inventors, but not in Cleveland (Table 1).  
Among the 12 fastest growing product fields within each category (Columns in Table 1), only 
four product fields are common for Cleveland, the U.S. and foreign patents (Section I in Table 1):  
• Electrical Lighting and Wiring Equipment,  
• Primary and Secondary Non-Ferrous Metals,  
• Engines and Turbines, and  
• Aircraft and Parts.       
                                                          
17
 An Ohio Technology-Based Economic Development Strategy. Battelle Memorial Institute, Cleveland Ohio, May 2002. 
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Table 1. Fastest Growing Product Fields of Patenting, Percent Change, 1998-2003 
 Foreign in the USA  USA  Cleveland  MSA  
 
   Electrical lighting and wiring equipment 57%    Electrical lighting and wiring equipment 25% 
   Electrical lighting and wiring 
equipment 47% 
I 
  Primary and secondary non-ferrous metals 42% 
  Primary and secondary non-ferrous 
metals 32% 
  Primary and secondary non-ferrous 
metals 86% 
   Engines and turbines 40%   Engines and turbines 48%   Engines and turbines 150% 
   Aircraft and parts 27%   Aircraft and parts 34%   Aircraft and parts 9% 
     Electronic components and accessories and 
communications equipment 42% 
    Electronic components and accessories 
and communications equipment 41%     Agricultural chemicals 300% 
     Motor vehicles and other motor vehicle 
equipment 30% 
    Motor vehicles and other motor vehicle 
equipment 31%   Drugs and medicines 43% 
II PETROLEUM AND NATURAL GAS EXTRACTION 
AND REFINING 30% 
PETROLEUM AND NATURAL GAS 
EXTRACTION AND REFINING 25% 
  Office computing and accounting 
machines 36% 
     Electrical transmission and distribution 
equipment 36% 
    Electrical transmission and distribution 
equipment 30% 
PROFESSIONAL AND SCIENTIFIC 
INSTRUMENTS 34% 
 
    Guided missiles and space vehicles and parts 29% 
    Guided missiles and space vehicles and 
parts 23%     Electrical industrial apparatus 30% 
 
      Ship and boat building and repairing 24%       Ship and boat building and repairing 26% 
STONE, CLAY, GLASS AND CONCRETE 
PRODUCTS 18% 
III 
      Miscellaneous electrical machinery, 
equipment and supplies 29% 
      Miscellaneous transportation 
equipment 23% 
      Miscellaneous electrical 
machinery, equipment and 
supplies 45% 
IV 
    Ordinance except missiles 20% 
    Radio and television receiving 
equipment except communication types 23% 
RUBBER AND MISCELLANEOUS 
PLASTICS PRODUCTS 9% 
 
Note: According to the classification of industry affiliation by the USPTO, the individual product groups correspond to different levels of the industries classified by the North 
American Industrial Classification System (NAICS). 
The product categories recorded in capital letters represent broader groups that have no subgroups. There are 57 product fields in patent data that are related with industry 
classifications. These categories have twelve aggregated levels of product fields excluding ‘ALL OTHER SIC’S’ and their titles are capitalized, such as ‘PETROLEUM AND NATURAL 
GAS EXTRACTION AND REFINING’ and ‘PROFESSIONAL AND SCIENTIFIC INSTRUMENTS’. Among these twelve aggregated product fields 5 product fields have sub product fields. 
For instance, ‘Chemicals except drug and medicines’ (NAICS 3251, 3252, 3255, 3256, 3253, 3259) and ‘Drug and medicines’ (NAICS 3254) are two sub product fields in 
‘CHEMICALS AND ALLIED PRODUCTS’ (NAICS 325). Sub product fields are distinguished by further indentation from the left. If there are sub product fields, each patent is 
assigned to the lowest sub product field.   
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Two of these four, Primary and Secondary Non-Ferrous Metals and Engines and Turbines were among 
the top growing product fields in all three groups, and Cleveland patents are growing faster than the 
U.S. and foreign patents.  Six more product fields are among the fastest growing in the U.S. and foreign 
patents. 
Miscellaneous Electrical Machinery, Equipment and Supplies (Section III in Table 1) is one of the 
fastest growing fields of patenting in Cleveland and among foreign inventors.  This field is particularly 
interesting, as the product classifications in “Miscellaneous” fields usually contain inventions that are 
not classified under other already well-defined fields and potentially might identify an invention that 
leads to an emerging technology, new product, or even a new industry. 
The large overlap of the fastest growing patenting classes between the U.S. and the foreign 
inventors who patent in the U.S. shows the most innovative industries in the U.S.  Of the top 12 product 
fields in each category, six areas are growing fast among domestic and foreign inventors (Section II in 
Table 1).  Those areas are: 
• Electronic Components and Accessories and Communication Equipment, 
• Motor Vehicles and Other Motor Vehicle Equipment, 
• Petroleum and Natural Gas Extraction and Refining, 
• Electrical Transmission and Distribution Equipment, 
• Guided Missiles and Space Vehicles and Parts, and 
• Ship and Boat Building and Repairing. 
Although Cleveland has a strong manufacturing base in motor vehicle manufacturing, it is not part of the 
growing innovative base for related patenting classes.   
 Section IV in Table 1 shows industries that are unique for each group of patenting.  In addition to 
Cleveland’s unique product fields identified in Section II of Table 1, the Rubber and Miscellaneous Plastic 
Product field of patenting was fast growing in Cleveland but neither nationally nor among the foreign 
inventors patenting in the United States. 
While the dynamic of the number of patents is highly important and points to the most 
inventive industries, the total number of patents in a region (or the scope of innovative activity) and the 
number of patents per employee (or the scale of inventive activity) show the level of innovation and 
vitality of the regional economy.  A high number of patents per employee in a metropolitan area,  
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Table 2. Large and Fast Growing Fields of Patenting, Number of Patents in 2003 and Percent Change 1998-2003 
 
Foreign in the USA 
Number 
of 
patents, 
2003 
Change, 
1998-
2003 USA 
Number 
of 
patents, 
2003* 
Change, 
1998-
2003 Cleveland  MSA 
Number 
of 
patents, 
2003 
Change, 
1998-
2003 
 
    Electronic components and accessories 
and communications equipment 
       
42,494 42% 
     Electronic components and 
accessories and communications 
equipment 
       
20,205 41% 
      Electronic components and accessories 
and communications equipment           82 -9% 
 PROFESSIONAL AND SCIENTIFIC 
INSTRUMENTS 
       
28,153 16% 
PROFESSIONAL AND SCIENTIFIC 
INSTRUMENTS 
       
15,812 13% 
PROFESSIONAL AND SCIENTIFIC 
INSTRUMENTS          169 34% 
   Office computing and accounting 
machines 
       
19,818 16% 
  Office computing and accounting 
machines 
       
11,812 17% 
  Office computing and accounting 
machines           45 36% 
I 
FABRICATED METAL PRODUCTS 
       
12,044 2% FABRICATED METAL PRODUCTS 
        
6,937 -7% FABRICATED METAL PRODUCTS          124 -2% 
 
  Drugs and medicines 
        
9,652 -6%   Drugs and medicines 
        
6,185 -7%   Drugs and medicines           30 43% 
 RUBBER AND MISCELLANEOUS PLASTICS 
PRODUCTS 
        
9,466 -1% 
RUBBER AND MISCELLANEOUS PLASTICS 
PRODUCTS 
        
4,981 -9% 
RUBBER AND MISCELLANEOUS PLASTICS 
PRODUCTS          114 9% 
     General industrial machinery and 
equipment 
        
9,966 7% 
     General industrial machinery and 
equipment 
        
4,678 0% 
     General industrial machinery and 
equipment           76 -18% 
II       Electrical lighting and wiring 
equipment 
        
2,344 57%     Agricultural chemicals 
        
3,366 6%       Electrical lighting and wiring equipment           28 47% 
     Electrical transmission and distribution 
equipment 
        
6,280 36% 
      Electrical transmission and 
distribution equipment 
        
3,144 30% 
      Miscellaneous electrical machinery, 
equipment and supplies           45 45% 
III     Motor vehicles and other motor 
vehicle equipment 
        
7,409 30% 
     Motor vehicles and other motor 
vehicle equipment 
        
3,006 31% 
STONE, CLAY, GLASS AND CONCRETE 
PRODUCTS           46 18% 
 
  Aircraft and parts 
        
4,304 27%   Aircraft and parts 
        
1,766 34%      Electrical industrial apparatus           39 30% 
 
  Engines and turbines 
        
3,547 40%   Engines and turbines 
        
1,489 48% 
     Special industry machinery, except 
metal working           44 -36% 
* Table is sorted by this column 
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according to a recent study conducted by the Federal Reserve Bank of Cleveland,18 promises excellent 
regional economic outcomes and steady long-term economic growth.  According to different models 
analyzing growth in large and mid-size metropolitan areas, the scale of patenting activity and the 
amount of venture capital are proven to have a positive (and the second-highest) influence on the 
regional growth of per capita income, gross metropolitan product, and productivity.19   
Considering both the scope and scale of innovative activity in the Cleveland MSA, there are 
seven common product fields that are fast growing and/or large locally, in the U.S., and among the 
foreign inventors patenting in the U.S.  Combining two selective factors, the number of patents per 
employee and the percentage change of the number of patents in the metropolitan area during the last 
five years, Table 2 presents the most innovative and dynamic industries in the Cleveland metropolitan 
area, in the U.S., and among the foreign inventors patenting in the U.S.  Represented by the summation 
of units of innovative knowledge (patent assigned to each inventor), there is high innovative activity in 
seven common product fields across all three groups (Section I in Table 2).  The three largest innovative 
product fields are common for the U.S. and foreign inventors: Electronic Components and Accessories 
and Communication Equipment, Professional and Scientific Instruments, and Office Computing and 
Accounting Machines.  The Cleveland MSA leads in terms of the rate of growth only in the Professional 
and Scientific Instruments patent product.  Two other top innovative product classes in Cleveland 
include Fabricated Metal Products and Plastic Products, areas where the largest number of patents are 
issued, but which have not been among the growing innovative fields over the last five years.   
 
DISTRIBUTION OF PATENTS BY METROPOLITAN AREAS 
The total number of patents in metropolitan statistical areas is closely associated with their size.  
The large metropolitan areas have a large number of patents not due simply to their size, but also due to 
the positive externalities of agglomeration economies of urbanization and deep industrial specialization.  
Large metropolitan areas often also house prominent research universities and other high-capacity 
research centers, such as research institutes and federal labs, which make these regions attractive to the 
research divisions of private companies.   
                                                          
18
 Bauer, Paul W., Mark E. Schweitzer, Scott Shane (2006) State Growth Empirics: The Long-Run Determinants of State Income 
Growth. The Federal Reserve Bank of Cleveland. Working Paper 06-06.  
19
 Austrian, Ziona, Iryna Lendel, Afia Yamoah (2007) An Update of the Regional Growth Model for Large and Mid-Size U.S. 
Metropolitan Areas: Dashboard Indicators for the North East Ohio Economy. Cleveland State University. 
Patenting by Cleveland’s Inventors 
 
Center for Economic Development, Maxine Goodman Levin College of Urban Affairs 7 
Cleveland State University 
The dynamic of the total number of patents in the 15 largest MSAs illustrates that since the 
1980s, only a few large metropolitan areas distinctively departed from the overall trend of regional 
patenting activity and significantly outperformed their peers (Figure 2).20  This group does not include 
the Cleveland MSA, nor any other Northeast Ohio metropolitan area. The Cleveland MSA shows a very 
moderate performance in the total number of patents granted annually, closely following the trend of 
Pittsburgh.   
Among the 15 largest metropolitan areas, the San Jose MSA started on the path of rapid growth 
in 1990 because of the increase of patents in the computer and information sectors.   San Jose is a 
leader in patent production for the second decade in a row.  New York, San Francisco, and Boston 
departed from the trend in 1995 and were especially successful in 1997, the same year Dallas raised its 
rate of growth, resulting in a significantly larger number of patents than in previous years.    
 Chicago and Philadelphia outperformed many MSAs from this group and started to depart from 
the flat trend of the 1990s, significantly increasing the number of patents over the period of time from 
1997 to 2000.  However, between 2000 and 2003, these MSAs had fewer patents.  San Diego’s 
performance was very weak in the 1980s; its number of patents grew moderately during the next 5 
years (from 1991 to 1995); and then San Diego’s growth rate in the number of patents increased to a 
level comparable to Dallas, Boston, and Minneapolis. 
 Assessing the number of patents per 10,000 employees, a slightly different group of top 
performers emerges, but this group does not include Cleveland (Figure A-1, Appendix 2).  To compare 
metropolitan areas in terms of patent production more accurately, a two- step data analysis shows the 
top 53 metropolitan areas across the United States (excluding Puerto Rico) by their normalized patent 
production (Table 3).  Each of the 53 regions produced more than 10 patents per 10,000 employees in at 
least one of three periods of time: in 2003, during the last 5 years (1999-2003), or over the longer period 
of time from 1975 to 2003.  Two types of indicators are presented in the table − absolute number of 
patents in an MSA and the number of patents normalized by MSA employment in 2002.   
 
                                                          
20
 The Cleveland MSA was added to the sample of 15 largest metropolitan areas to compare its trend with the trends of the 
most successful patenting regions, the regions that are high in patenting in the Midwest (Minneapolis and Detroit), and its 
traditional comparison area -- Pittsburgh.  
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Figure 2. Total Number of Patents by Selected MSAs, 1980-2003 
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All MSAs presented in Table 3 are grouped into five tiers based on their 2003 employment.21  
The number of employees approximates the size of regional economies.  For example, the first tier (the 
largest regions) includes eight metropolitan areas with about one million or more employees in 2003.  
Austin is the smallest metropolitan area in this cohort with employment of 864,488 and San Diego is the 
largest in this group with employment of close to three million.  Within each tier, the metropolitan areas 
are sorted by the average number of patents per 10,000 employees granted during the last 5 years.  
The first cohort of MSAs is led by San Jose – the national leader in patents with a well-diversified 
high-tech economy and more than 7,300 technology companies employing about 300,000 people.22  
This cohort includes MSAs with prominent research universities and multi-national technology 
corporations.  Due to its smaller size but high production of patents, Austin is the second-highest in this 
cohort.  Its economy is driven by a number of large IT companies in computer software, digital media, 
wireless technology, and semiconductors.  The University of Texas in Austin is a leader in the biomedical 
and pharmaceutical sectors.  
San Francisco is among the leaders in the production of patents due to its strengths in medical 
science, biotechnology, and information technologies.  Several hundred companies that are involved in 
biomedical research and more than 2,800 companies of IT and semiconductor industries keep it at the 
lead in production of patents.  San Diego, a smaller size economy, is also grouped within this cohort with 
its industrial and computer productions and related research and development activities.  Boston and 
Minneapolis have a highly educated population relative to other MSAs. A highly educated population 
and the presence of prominent research universities are good predictors of innovative activity and, as a 
result, a high number of patents.  Led by the medical schools of Tufts and Harvard Universities, 
biomedical research and nanotechnology are the two major fields of patenting in Boston.  The University 
of Minnesota and more than 1,300 high-tech firms are the core innovative agents and industries in the 
Minneapolis MSA. 
                                                          
21
 The breaking points of economy size between the groups were determined by natural breaks and the common pattern of 
peer comparison from the literature. 
22
 http://www.sjhousing.org/data/sjstats.html 
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Table 3. Metropolitan Areas Producing the Most Patents per Employee 
Number of Patents Emp Number of Patents per 10,000 Emp Rank in 
2003 emp MSA name 2003 1975-2003 1999-2003 2003 2003 1975-2003 1999-2003 
7 San Jose-Sunnyvale-Santa Clara, CA 9,258 83,527 41,026 1,119,534 82.7 29.3 67.4 
12 Austin-Round Rock, TX 2,130 19,765 9,833 864,488 24.6 12.7 23.1 
13 San Francisco-Oakland-Fremont, CA 6,630 68,028 29,640 2,694,164 24.6 10.3 21.5 
16 Boston-Cambridge-Quincy, MA-NH 4,533 64,011 20,244 2,974,614 15.2 8.5 13.4 
26 San Diego-Carlsbad-San Marcos, CA 2,612 28,941 11,566 1,809,443 14.4 7.7 13.2 
30 Minneapolis-St. Paul-Bloomington, MN-WI 2,837 38,870 12,789 2,141,029 13.3 8.1 12.0 
39 Portland-Vancouver-Beaverton, OR-WA 1,779 15,891 6,894 1,219,019 14.6 6.0 11.2 
50 Detroit-Warren-Livonia, MI 2,694 45,565 12,758 2,485,607 10.8 7.2 10.1 
23 Cleveland-Elyria-Mentor, OH 911 21,687 4,770 1,299,629 7.0 6.3 7.2 
         51 Boise City-Nampa, ID 1,747 11,037 7,838 319,227 54.7 18.6 50.6 
11 Rochester, NY 1,569 28,977 7,816 614,125 25.5 18.0 25.2 
58 Raleigh-Cary, NC 1,026 9,836 4,750 554,947 18.5 9.4 17.5 
65 Bridgeport-Stamford-Norwalk, CT 947 20,365 4,831 574,943 16.5 13.9 16.9 
53 Poughkeepsie-Newburgh-Middletown, NY 910 11,590 4,293 316,948 28.7 15.3 28.0 
73 Albany-Schenectady-Troy, NY 828 14,493 3,579 526,335 15.7 11.1 13.7 
68 Worcester, MA 696 9,738 3,326 408,910 17.0 9.6 16.4 
71 Oxnard-Thousand Oaks-Ventura, CA 694 9,149 2,975 421,186 16.5 10.5 14.6 
55 Durham, NC 662 5,985 2,822 322,679 20.5 9.0 17.6 
81 New Haven-Milford, CT 590 12,184 3,153 471,280 12.5 9.9 13.4 
86 Allentown-Bethlehem-Easton, PA-NJ 508 8,545 2,593 398,212 12.8 8.7 13.2 
87 Akron, OH 505 10,618 2,442 397,698 12.7 10.8 12.3 
88 Colorado Springs, CO 366 3,800 1,685 348,845 10.5 5.3 9.7 
         
102 Boulder, CO 666 8,058 3,201 211,723 31.5 17.3 28.2 
103 Fort Collins-Loveland, CO 602 4,566 2,309 173,218 34.8 14.3 27.3 
107 Ann Arbor, MI 705 8,602 3,166 239,873 29.4 15.0 26.1 
112 Trenton-Ewing, NJ 586 13,779 3,196 253,793 23.1 22.7 26.1 
117 Manchester-Nashua, NH 462 5,834 2,082 247,920 18.6 10.1 17.0 
122 Norwich-New London, CT 253 3,897 1,169 169,454 14.9 9.3 14.2 
127 Peoria, IL 221 4,458 1,180 214,226 10.3 7.9 10.8 
150 Santa Barbara-Santa Maria-Goleta, CA 302 4,214 1,300 254,019 11.9 7.1 10.4 
153 Canton-Massillon, OH 228 3,687 1,003 223,745 10.2 6.4 8.8 
         
171 Santa Cruz-Watsonville, CA 1,028 9,926 4,776 143,537 71.6 30.0 65.1 
172 Bremerton-Silverdale, WA 754 8,095 3,418 119,124 63.3 30.9 59.5 
174 Burlington-South Burlington, VT 482 4,287 2,247 145,725 33.1 13.5 31.3 
175 Greeley, CO 397 3,160 1,505 104,608 38.0 15.4 30.2 
180 Rochester, MN 323 3,044 1,530 126,529 25.5 11.3 25.1 
182 Oshkosh-Neenah, WI 281 2,839 1,092 104,749 26.8 11.6 20.7 
188 Binghamton, NY 265 3,784 1,330 135,293 19.6 9.6 19.2 
194 Appleton, WI 336 2,852 1,300 142,882 23.5 9.3 19.0 
203 Holland-Grand Haven, MI 216 3,486 1,146 137,725 15.7 11.8 16.2 
214 Spartanburg, SC 185 2,852 771 144,176 12.8 7.9 10.6 
215 Lafayette, IN 118 1,807 557 109,983 10.7 6.9 9.9 
         
228 Corvallis, OR 296 2,039 1,136 52,084 56.8 18.0 44.1 
244 Ithaca, NY 161 2,071 659 64,801 24.8 13.2 20.9 
254 Elmira, NY 137 1,775 496 48,772 28.1 13.2 19.6 
303 Ames, IA 105 1,429 454 54,426 19.3 10.8 16.8 
315 Kingston, NY 135 1,982 682 85,201 15.8 9.4 16.4 
323 Racine, WI 146 2,208 703 92,552 15.8 8.8 15.0 
324 Columbus, IN 68 1,012 367 49,587 13.7 8.1 14.3 
337 Monroe, MI 75 1,169 363 59,234 12.7 9.2 12.4 
343 Kokomo, IN 78 1,180 344 59,521 13.1 7.2 11.1 
345 Bay City, MI 71 1,093 277 51,063 13.9 8.2 10.6 
347 Logan, UT-ID 64 947 307 61,753 10.4 7.9 10.3 
350 Blacksburg-Christiansburg-Radford, VA 92 1,067 371 81,229 11.3 5.3 9.2 
*Sorted by 1999-2003 number of patents per 10,000 employees in each cohort of MSAs 
MSAs are grouped by employment size    
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Detroit has a large economy and declining older manufacturing base with the large presence of 
the auto industry.  However, its performance in patents per employee was significantly higher than 
Cleveland’s over the complete study period (7.2 compared to 6.3 in Cleveland from 1975-2003).  Detroit 
also accounted for more than 10 patents per employee during 1999-2003 and in 2003.  Based on 
employment size, Cleveland belongs to this group of MSAs; however, it does not rank among the MSAs 
with the largest number of patents per employee.  It is included in the table only to show that the 
patent performance of the Cleveland MSA is significantly lower compared to its peer-group MSAs. 
The size of the Portland metropolitan economy is similar to Cleveland and it has a slightly lower 
number of patents per employee over the longer period of time (6.0 compared to 6.3 in Cleveland in 
1975-2003).  However, Portland’s recent patenting activity is significantly higher than Cleveland’s.  In 
2003, Portland had more than doubled the number of patents (when normalized by employment) 
compared to Cleveland (14.6 compared to 7.0 in Cleveland).   
 The second tier of MSAs includes regions with employment between 300,000 and 600,000, as 
well as 12 MSAs comparable to Akron.  There are three types of regions within this bracket.  The first 
includes places with prominent universities that provide outstanding education and research facilities – 
either flagship state universities or top private research schools: New Haven with Yale; Raleigh-Durham 
with Duke, North Carolina State University, the University of North Carolina-Chapel Hill, and Research 
Triangle Park; and Albany with the University at Albany (strong in nanotechnology).     
 This group of metropolitan areas also includes places where private sector R&D has a leading 
role, such as: 
• Boise City, ID, which has the headquarters of Micron Technology, a technological leader in image-
capturing applications (with 10,600 employees) and the Hewlett-Packard Company (with more than 
4,000 employees). 
• Poughkeepsie, NY, where IBM has a large presence. It was the largest employer in the area in the 
1980s and presently has about 11,400 employees in two manufacturing divisions that produce 
electronic computers, computer chips, and peripherals.23  The region is also home to large 
manufacturing plants, such as Phillips Semiconductor (800 employees) and Advanced Micro 
Devices.  Together, these three employers give the region visibility in the national patenting arena.  
• Worcester, MA, which is home to Military Air Solutions, a leading company in the aircraft design, 
and home to many companies in fiber optics, electronics, biotechnology, and advanced ceramics.  
• Allentown, PA, which houses Air Product & Chemicals and Lucent Technologies companies. 
                                                          
23
 Leading employers of Dutchess County, http://www.thinkdutchess.com/dutchess-county-data/leading-employers-table.html, 
retrieved on January 26, 2008. 
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• Bridgeport, CT, which is home to General Electric, Pitney Bowes Inc., Xerox Corporation and IBM 
plants.  
• Oxnard, CA, which has AMGEN, Pace Setters, and the presence of U.S. Naval research facilities, but 
primarily captures inventors who work in Los Angeles. 
• Colorado Springs, CO, which accounts for military aerospace research and houses Hewlett-Packard.  
It is also home to 17 other major electronics companies that combined, employ nearly 10,000 
workers. 
The third type within this cohort includes metropolitan areas with historically strong regional innovation 
systems.  These MSAs have anchor private companies at the center of specialized industrial clusters and 
a research university and/or research institution specializing in the science area aligned with a local 
industry: 
• The Rochester Regional Photonic Cluster is anchored at The Institute of Optics at the University of 
Rochester.  Entrepreneurial startups located there have grown to become large brand name firms, 
such as Kodak, Bausch & Lomb, and Xerox.   
• The University of Akron became an anchor research institution for the national polymer industry.  
Goodyear Tire and Bridgestone are the core private industry agents that are key components of a 
regional innovation system. 
Akron and Rochester are two vivid examples of historical regional innovation systems that are 
characterized by similar agents but a different culture of industry-university relationships and a different 
culture of innovation at local companies.24  These two systems went through transformations, which in 
both cases resulted in a dialogue between academia and industry. 
 The third cohort of the metropolitan areas with high numbers of patents per employee includes 
regions with 2003 employment between 160,000 and 260,000.  MSAs in this group are comparable to 
the Canton MSA.  Canton had more than 10 patents per employee only in 2003, and it had only 6.4 
patents from 1975-2003 and 8.8 during the last 5 years.  Being geographically close, the Akron and 
Canton metropolitan areas partially reflect the residential addresses of inventors who work in 
neighboring regions.  Moreover, our methodology of applying one patent to each inventor overcounts 
the actual number of patents, especially in neighboring geographies.  In addition, with Goodyear Tire 
and Bridgestone’s inventors as residents, Canton accounts for other strong anchors in private industry 
innovation—McDermott Technology Inc., Diebold Inc., and Timken (Table 4).25 
                                                          
24
 Safford, Sean (2004) searching for Silicon Valley in the Rustbelt: the Evolution of Knowledge Networks in Akron and 
Rochester. MIT Working Paper IPC-04-001. 
25
 Hong Kong-based Techtronic Industries Co. Ltd. (TTI) bought Hoover from Whirlpool Corp. in January 2007.  TTI combined 
Hoover with its existing Dirt Devil and Royal operations in Glenwillow, Ohio to create TTI Floor Care.  TTI Floor Care closed most 
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Table 4.  Number of Patents* Received by NEO MSA Companies during 1999-2003 
Cleveland  Akron  Canton  
Lubrizol Corporation 144 Goodyear Tire + Rubber Company 341 Goodyear Tire + Rubber Company 94 
General Electric Company 119 Bridgestone Corporation 116 The Hoover Company 41 
Eveready Battery Company, Inc. 92 University Of Akron 47 Diebold Incorporated 40 
Case Western Reserve University 90 B. F. Goodrich Co. 27 Timken Company 32 
Picker International, Inc. 71 Advanced Elastomer Systems, L.P. 25 Bridgestone Corporation 16 
United States Of America, NASA 71 Picker International, Inc. 23 McDermott Technology, Inc. 12 
Cleveland Clinic Foundation 65 Royal Appliance Manufacturing 
Co., Inc. 
23 Bridgestone/Firestone North 
American Tire, Llc 12 
Avery Dennison Corporation 63 Lincoln Global, Inc. 21 Alpha Enterprises, Inc. 10 
Nordson Corporation 62 Bridgestone/Firestone North 
American Tire, Llc 
20 Telxon Corporation 
10 
MTD Products Inc. 60 Kent State University 19 Creative Edge Design Group, Ltd. 10 
Total number of companies that 
developed more than 10 patents 57 
  
25 
  
10 
* Each patent is assigned to one MSA only, following the address of the first inventor. 
 
The Cleveland Clinic is one of the leading patent producers in Professional and Scientific 
Instruments and its expertise in cardiovascular health has led to inventions of medical devices to treat 
heart disease.  The Cleveland Clinic established Medical Device Solutions, a group of in-house engineers, 
to work with physicians and researchers to turn ideas for medical devices into concrete designs and 
prototypes.26  
The Cleveland Clinic not only develops innovation, but spins off companies nationally and 
globally.  PrognostiX, Inc. is an example of a local spin-off company of the Cleveland Clinic that was 
established in 2003.  The company is developing new and innovative diagnostic and prognostic assays, 
which help physicians address unmet clinical needs in major disease areas including cardiovascular, 
cancer, respiratory, neurodegenerative disease, and obesity.  Other local Cleveland Clinic spin-offs 
include: in 2002, Vital Stream Health (remote cardiac monitoring and analysis system) and PeriTec 
Biosciences (peripheral vascular products using peritoneal tissue); in 2004, Merlot Orthopedix (bone 
anchorage systems) and IntElect Medical (neurostimulation systems for improving the recovery of brain 
injury patients); in 2005, CSF Therapaetics (implantable devices to restore cognitive function) and 
OrthoMEMS (smart orthopedic implant systems); in 2006, Tolera Therapeutics (immune modulation via 
novel therapies), ZIN Medical (wireless patient monitoring systems) and AcelleRX Therapeutics (recruits 
                                                                                                                                                                                           
of its Hoover operations in North Canton, Ohio.  Source: Plastic News, http://goliath.ecnext.com/coms2/browse_R_P003 and 
company’s website: http://www.ttifloorcare.com/downloads/ttiHooverAcquisition.pdf 
26
 Source: http://www.clevelandclinic.org/innovations/default.htm and 
http://www.clevelandclinic.org/innovations/press/Crains041607.pdf, accessed April 10, 2008. 
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stem cells to promote re-growth of cardiac tissue post myocardial infarction); and in 2007, Navis 
Medical was established based on guide wire technology for endovascular navigation.27  All of these 
companies are located locally and create a cluster of continued innovation that adds to the strength of 
the innovation system in Professional and Scientific Instruments.   
Akron’s B.F. Goodrich is another example of an anchor company. It is a global supplier of 
systems and services to the aerospace, defense, and homeland security markets. The branches of B.F. 
Goodrich located in Northeast Ohio (NEO) provide engineering, design and technical support for its 
products.  The main manufactured and serviced products are landing gears, engine control systems, 
electrical power systems, and sensors and integrated systems that are associated with inventions in 
aerospace fields.  In addition, NEO is home to the company’s materials and simulation technical center.28 
Marconi Medical Systems was created in 1999 out of Picker International, Inc., a leading 
manufacturer of medical diagnostic systems.  Picker International changed its name to Marconi Medical 
Systems as its owner, General Electric Co. of England, attempted to differentiate itself from the General 
Electric Co. based in the United States.  Marconi Medical Systems retained three divisions: Picker 
Medical Imaging, Picker Information Management, and Picker Health Care Products.  In 2001, Royal 
Philips Electronics of the Netherlands acquired Marconi Medical Systems.  Marconi Medical Systems is 
now a division of Philips Medical Systems with its world headquarter in Cleveland, Ohio. 29 
Another successful Cleveland-grown company was AcroMed, which produced devices to support 
damaged and diseased spines.  It was purchased by DePuy, Inc. in 1998 making DePuy the second-
largest spinal implant company.  After acquisition, however, the Cleveland facilities of AcroMed were 
moved to new headquarters location in Raynham, MA, in 1999.30  
There are also examples of small companies in the field.  Founded in 1996 in Cleveland, 
Advanced Imaging Research, Inc. (AIRI) specializes in magnetic resonance imaging (MRI) and 
spectroscopy (MRS).  This specialization in medical imaging is highly linked to healthcare industries in 
the region.  AIRI’s development in radio frequency (RF) coils and associated circuitry was funded by 
Small Business Innovative Research (SBIR) grants.31  
 These examples are only a small portion of the 57 companies in Cleveland and 35 companies 
located in Akron and Canton that patent in Professional and Scientific Instruments.  The total of 92 
                                                          
27
 Source: http://www.clevelandclinic.org/innovations/newventures/default.htm and http://www.prognostix.com, accessed 
April 10, 2008. 
28
 Source: www.goodrich.com, accessed April 18, 2008. 
29
 Source: http://ech.case.edu/ech-cgi/article.pl?id=MMSI1, accessed April 18, 2008. 
30
 Source: http://query.nytimes.com/gst/fullpage.html?res=9403E5D91438F932A15750C0A96E958260 and 
http://www.depuyspine.com/about/about.press.120298.asp, accessed April 18, 2008. 
31
 Source: http://www.advimg.com/company.html, accessed April 8, 2008. 
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companies within this innovation field located in close geographic proximity can be identified as a strong 
component of the regional innovation system specializing in Professional and Scientific Instruments. 
 
INTER-REGIONAL PATENT CITATIONS IN CLEVELAND’S LARGE AND FAST GROWING 
PRODUCT FIELDS 
 Inter-regional citations of patents measured as the units of innovative knowledge in a 
metropolitan area describe where Cleveland inventors take preceding knowledge (citations of preceding 
patents in patents assigned to Cleveland’s inventors) and which metropolitan areas’ inventors borrow 
knowledge from Cleveland (forward citations – inventors who cite Cleveland’s patents as preceding to 
their own patents).  The pattern of citations is described across 12 product fields that are large or fast 
growing in Cleveland.  The citation count within a specific product field provides a better description of 
the value of innovations in the specific technological domain.   
However, similar to a patent count, the count of patent citations has some limitations.  
Trajtenberg (2002) researched Computer Tomography using “the within referencing count” of patents 
and citations data and described some biases of estimates based on the chosen period of time for 
calculating citations.   The older patents might receive more citations simply because of the passage of 
time (p.33).   At the same time, the different length of a review period does not allow analysis of the 
most current innovative activity in a region.32  Despite these limitations, the count of patent citations 
provides interesting information on the pattern of knowledge exchange between Cleveland and other 
U.S. metropolitan areas within specific product fields.  It helps to identify the pool of metropolitan areas 
that contribute to innovation development within specific technological domains and provides an 
assessment of Cleveland’s place in that pool.   
In 2003, U.S. inventors cited 349 patents granted to Cleveland inventors in 2002 (Figure 3).  
Aside from self-citations and citations within Cleveland and Akron by other inventors (77, or 22.1% of all 
citations), Cleveland’s patents were cited most often by East and West Coast inventors.  In particular, 
Cleveland’s patents were recorded as preceding in 17 patents originated in New York, 16 patents in San 
Jose, 15 in Chicago, 13 in San Francisco, and 12 in Boston.  This is in comparison to a total of 271 
citations of other places’ 2002 patents used in 2003 Cleveland patents (Figure 4).   The majority of 
citations used in Cleveland’s patents came from local inventors in Cleveland and Akron (91 or 33.6%).  
                                                          
32
 The assessment of patent applications provides a better explanation of current innovative activity.  The up-to-date patent 
application data are available through Thomson Financial’s Delphion database on a proprietary basis. 
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The outside citations came from San Francisco (12 or 4.4%), New York (10 or 3.7%), San Jose (8 or 3%), 
and Boston, Los Angeles and Atlanta (7 or 2.6% each). 
Due to the volatility of patent and patent citations data, a similar comparison was made for two 
5-year periods preceding 2002-2003.  During 1997-2001, Cleveland patents were cited in 3,520 non-
Cleveland patents granted in 2003 (Appendix Figure A-2).  Only 9.2% (325) of citations of Cleveland 
patents originated locally, and 3.6% (126) of citations of Cleveland patents were made by Akron’s 
inventors.  The majority of non-local citations were made in Los Angeles (4.9%), New York (4.5%), San 
Francisco (3.8%), Minneapolis (3.8%), Boston (2.9%), Chicago (2.8%), Detroit (2.6%), and St. Louis (2.6%).   
In their 2003 patents, local inventors cited approximately the same number of patents 
originated between 1997 and 2001 in other MSAs.  Of 3,563 citations, 454 referred to local patents 
(12.7%) and 137 (3.8%) to patents developed by Akron inventors.  Among other MSAs, Cleveland 
inventors most often cited the patents developed in Los Angeles, Boston, San Francisco, Chicago, San 
Jose and Philadelphia.  A very similar distribution of citations was recorded in 2003 patents for another 
preceding five-year period, knowledge flows from and to Cleveland in citations of patents originated in 
1992-1996 (Appendix Figures A-4 and A-5).   
Following the division of patent product fields described in Table 2 (p. 5), three large fields of 
patenting were identified for Cleveland: Professional and Scientific Instruments, Fabricated Metal 
Products, and Rubber and Miscellaneous Plastic Products.  The product group with the largest number of 
patents in 2003, Professional and Scientific Instruments (169 patents in 2003), is also a fast growing field 
of patenting (34% growth in 1998-2003), unlike the two other groups.  A closer look at the Professional 
and Scientific Instruments patent product field helps to illustrate the geographical distribution of the 
patents in this field, its patent citation pattern, and the major Northeast Ohio companies patenting 
within this product field. 
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Figure 3. Knowledge Flows from Cleveland: 2002 Cleveland MSA Patents Cited in 2003 Patents Originated in Other MSAs 
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Figure 4. Knowledge Flows to Cleveland: 2002 Patents Originated in Other MSAs Cited by 2003 Cleveland MSA Patents 
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PROFESSIONAL AND SCIENTIFIC INSTRUMENTS 
Inventors who cited 2002 Cleveland patents in Professional and Scientific Instruments as 
preceding in their 2003 patents live in 171 metropolitan areas (Appendix Table A-3, p. 36).   This product 
field represents a broad range of industries where professional and scientific instruments can be 
applied.  Of all the 1,763 citations that Cleveland inventors made in 2003 patents in this field, 771 
referred to earlier patents granted during 1992-1996, 905 to inventions granted patent rights during 
1997-2001, and 87 to the most recent patents granted in 2002 (Table 5, p. 21).  Besides the usual cohort 
of metropolitan areas noted by the large number of overall citations, this product field is an important 
patenting field for Boulder, CO; Austin, TX; Memphis, TN; Washington, DC; Seattle, WA; and Baltimore, 
MD.  Inventors from these MSAs made more than 20 citations each of patents developed in Professional 
and Scientific Instruments in Cleveland.  Among the 87 inventions cited from 2002, nine were made in 
Cleveland and Akron, 43 were made by the 15 top patenting metropolitan areas, and 35 citations were 
spread across 28 other regions. 
The position of Cleveland in the Professional and Scientific Instruments field of innovation is 
defined not only by the broad sample of inventors in other metropolitan areas that cite Cleveland’s 
patents, but also by the accumulation of knowledge in Cleveland from a wide range of regions.   
Cleveland cited 215 other metropolitan areas’ inventors in its 2003 patents in Professional and Scientific 
Instruments.  Besides self-citations, Cleveland’s inventors frequently cited inventors from large 
metropolitan areas and a large cohort of smaller MSAs.    
Although, Cleveland is cited more often than it used citations from other MSAs, the number of 
patents produced in other MSAs is significantly greater than the number of patents developed in 
Cleveland.  To compare metropolitan areas in the same field of patenting, the number of citations is 
calculated on a per-patent basis.  Comparison of citations normalized by the number of granted patents 
to the area’s inventors shows that Cleveland uses other MSAs’ knowledge more than other MSAs use 
Cleveland’s knowledge in this field.33  For example, on average, Los Angeles cited Cleveland’s patents at 
the rate of 0.12 per each of its 2003 patents in Professional and Scientific Instruments, 34 while Cleveland 
inventors cited 0.56 Los Angeles patents per each of its 2003 patent in the field (Table 5).  Cleveland 
inventors cited all prominent metropolitan areas more than those metropolitan areas’ inventors cited 
                                                          
33
 Per-patent citations are not calculated due to the methodology of citations calculation.  The citation numbers reflect a 
number of inventors working in a patent product field and are greater than the actual number of between-patents citations.   
34
 This number is calculated by dividing the total number of Los Angeles patents citing Cleveland (144) by the number of Los 
Angeles patents in this field in 2003 (1,172).  The number of citations made by Cleveland inventors is calculated as the total 
number of citations made from Los Angeles (96) divided by the number of Cleveland patents in the field in 2003 (169). 
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Cleveland in this field.  For example, Cleveland cited 0.38 patents from Minneapolis, but Minneapolis 
cited only 0.13 patents from Cleveland (normalized by the number of patents granted to inventors in 
each metropolitan area in 2003).   
Cleveland has a higher number of citations per-patent when it is compared with the 
metropolitan areas that have a smaller overall number of patents.  Columbus cites 0.12 Cleveland 
patents, and Cleveland’s inventors cite only 0.04 patents in Professional and Scientific Instruments from 
patents originated in Columbus.  Cleveland has a similar advanced position if it is compared to Boulder, 
CO (0.19 vs. 0.05), Atlanta, GA (0.09 vs. 0.06), and Pittsburgh, PA (0.11 vs. 0.08).  At the same time, 
among these metropolitan areas, Cleveland cites more Detroit patents than Detroit’s inventors cite 
Cleveland (0.05 vs. 0.21), Philadelphia, PA (0.10 vs. 0.23), and Washington, D.C. (0.07 vs.0.10).   
In the total production of patents in Professional and Scientific Instruments, Cleveland rated 26 th 
in 2003, and is ranked between 22nd and 24th in the preceding 10 years.  In addition, we assessed the 
cross-citation pattern of Professional and Scientific Instruments with other product fields.  This 
examination shows the common knowledge base among the areas of patenting for developing new 
products and technologies.   
The assessment of the cross-citation pattern suggests that Cleveland has a strong local base for 
the fields cited in Professional and Scientific Instruments (Table 6).  Besides the citations of other patents 
from within the field (51.9%), the largest number of 2003 patents is cited from the field of Miscellaneous 
Electrical Machinery, Supplies, and Equipment (12.3%). Two other fields, Electronic Components & 
Accessories & Communication Equipment and Office Computing & Accounting Machines each provide 
11.1% of all citations used in Professional and Scientific Instruments.  All three product fields that are 
highly cited in Professional and Scientific Instruments are also listed among the large or fast-growing 
areas of patenting in Cleveland (Table 2).  The number of citations from these fields is growing and 
structurally replacing some citations from the Rubber and Miscellaneous Plastic Products that were also 
one of the largest feeding citation fields for the Professional and Scientific Instruments in the past (5.6% 
in 1992-1996).  This commonality of innovative patent product fields suggests that Cleveland has a 
sufficient cross-sectional knowledge base for innovation in Professional and Scientific Instruments. 
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Table 5. U.S. MSAs' 2003 Professional and Scientific Instruments Patents Citations 
 
U.S. MSAs Cited Cleveland 
 
Cleveland Cited U.S. MSAs 
  
MSA Name 
No. of 
2003 
Patents 2002 1997-01 1992-96 Total 2002 1997-01 1992-96 Total 
TOTAL 19,989 87 905 771 1,763 67 852 698 1,617 
Los Angeles-Long Beach-Santa Ana, CA 1,172 6 69 69 144 3 42 51 96 
San Francisco-Oakland-Fremont, CA 1,529 8 63 70 141 4 48 52 104 
San Jose-Sunnyvale-Santa Clara, CA 1,634 7 62 66 135   43 33 76 
Minneapolis-St. Paul-Bloomington, MN-WI 983 5 67 53 125 1 31 33 65 
Cleveland-Elyria-Mentor, OH 169 7 59 23 89 9 76 32 117 
Boston-Cambridge-Quincy, MA-NH 1,135 5 38 43 86 1 42 36 79 
New York-Northern New Jersey-Long Island, NY-NJ-PA 1,009 4 34 27 65 3 37 33 73 
San Diego-Carlsbad-San Marcos, CA 555 3 28 15 46 1 13 9 23 
Chicago-Naperville-Joliet, IL-IN-WI 417 3 22 12 37 1 25 19 45 
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 375 2 20 15 37 2 16 21 39 
Akron, OH 73 2 24 6 32 5 21 13 39 
Boulder, CO 146   14 13 27 1 3 5 9 
Austin-Round Rock, TX 303   9 15 24 3 8 6 17 
Memphis, TN-MS-AR 74   11 12 23   12 8 20 
Washington-Arlington-Alexandria, DC-VA-MD-WV 312   12 11 23 2 12 3 17 
Seattle-Tacoma-Bellevue, WA 285 1 8 13 22 1 16 5 22 
Baltimore-Towson, MD 180   9 12 21   7 3 10 
Miami-Fort Lauderdale-Miami Beach, FL 228 2 14 4 20   10 7 17 
Atlanta-Sandy Springs-Marietta, GA 225   12 8 20   5 5 10 
Bridgeport-Stamford-Norwalk, CT 174   10 9 19   6 5 11 
Cincinnati-Middletown, OH-KY-IN 239 1 10 8 19 1 5 4 10 
Dallas-Fort Worth-Arlington, TX 257   10 8 18   12 9 21 
Denver-Aurora, CO 180 1 8 9 18 1 9 5 15 
Detroit-Warren-Livonia, MI 358   11 6 17 1 18 17 36 
Pittsburgh, PA 140   11 5 16 1 5 7 13 
Riverside-San Bernardino-Ontario, CA 166 1 5 10 16 1 4 4 9 
Tampa-St. Petersburg-Clearwater, FL 102 4 9 2 15 1 13 10 24 
Providence-New Bedford-Fall River, RI-MA 132 1 7 7 15   2 5 7 
Rochester, NY 41 1 5 8 14 1 1 4 6 
St. Louis, MO-IL 137 1 8 5 14   4 2 6 
Milwaukee-Waukesha-West Allis, WI 136   12 1 13   9 7 16 
Santa Cruz-Watsonville, CA 187   9 4 13   4 2 6 
Columbus, OH 90 1 5 5 11 1 4 1 6 
Louisville, KY-IN 37 2 8 1 11   5   5 
Houston-Baytown-Sugar Land, TX 289 2 4 4 10   12 10 22 
Albany-Schenectady-Troy, NY 136 1 4 5 10   6 11 17 
Madison, WI 74   3 7 10   10 3 13 
Salt Lake City, UT 136   1 9 10 1 4 2 7 
Logan, UT-ID 30   4 6 10 1 1   2 
New Haven-Milford, CT 138 1 6 3 10   2 4 6 
Worcester, MA 126   5 5 10   5   5 
Manchester-Nashua, NH 70 1 6 3 10   2   2 
Virginia Beach-Norfolk-Newport News, VA-NC 45   4 5 9   2   2 
Ann Arbor, MI 149 1 3 4 8   14 6 20 
Santa Barbara-Santa Maria-Goleta, CA 71     8 8   2 4 6 
Knoxville, TN 47   4 3 7 2 7 2 11 
Oxnard-Thousand Oaks-Ventura, CA 174   2 5 7   3 8 11 
Phoenix-Mesa-Scottsdale, AZ 166   4 2 6 1 10 8 19 
Hartford-West Hartford-East Hartford, CT 129   4 2 6   4 13 17 
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Table 6. Citations of Other Fields by 2003 Patents in Professional and Scientific 
Instruments 
Patent Product Fields 2002 1997-2001 1992-1996 
PROFESSIONAL AND SCIENTIFIC INSTRUMENTS 51.9% 51.3% 48.0% 
      Miscellaneous electrical machinery, equipment and supplies 12.3% 8.7% 8.2% 
  Office computing and accounting machines 11.1% 5.0% 3.5% 
    Electronic components and accessories and communications equipment 11.1% 7.0% 9.1% 
    Electrical transmission and distribution equipment 3.7% 2.0% 1.8% 
RUBBER AND MISCELLANEOUS PLASTICS PRODUCTS 2.5% 2.4% 5.6% 
  Drugs and medicines  2.9% 3.7% 
FABRICATED METAL PRODUCTS 1.2% 2.4% 3.4% 
    General industrial machinery and equipment 1.2% 2.4% 1.8% 
ALL OTHER  4.9% 15.7% 15.1% 
 
Another way to study a regional innovation system in Professional and Scientific Instruments is 
to look at its components.  One of the most important components that enables local companies to 
innovate is the regional intellectual base with the research universities or research units of private 
industries in its core.  Many academic studies of knowledge spillovers identify the prominent research 
universities as core tenants for local innovative activity that create a supply of strong professional and 
skilled labor, spin-off companies, and share tacit knowledge of their basic and applied research locally.  
In smaller metropolitan areas that do not have a prominent research university with a strong research 
function, the role of a research leader is often taken by a specific department of a regional university or 
by another research organization that specializes in technology related to the concentration of local 
industry.  In many mid-sized and small metropolitan areas that have large companies, the research units 
of the companies may play the role of an anchor research tenant supplying local areas with highly 
qualified labor and tacit knowledge of applied research.  
In the patenting field of Professional and Scientific Instruments, the regional intellectual 
infrastructure is represented by a full array of research institutions, several local research universities, a 
number of prominent academic institutions, and a group of research units of local companies and 
international corporations that lead in this field of patenting (Appendix Tables A-5 to A-7).  Among all 
product fields, 9% of all citations in 2003 in Professional and Scientific Instruments were made to 
university patents granted during 1992-2002.  The academic institutions, the non-profit foundation and 
the government agency that were patenting in the Professional and Scientific Instruments field are 
presented in Table 7.  It appears that the Cleveland Clinic Foundation is the largest contributor to the 
total number of patents in Professional and Scientific Instruments; they were granted 27 patents in this 
field during 1992-2002, which is also 31.4% of the total number of patents they were granted during 
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that time.  Their patenting activity increased for the last 5 years, and we can only speculate that if the 
share of Professional and Scientific Instruments’ patents in their total patents remains unchanged, then 
they are still the largest contributor of innovation in this area. 
 
Table 7. Ohio Universities and Research Institutions Patenting in Professional and 
Scientific Instruments 
Total Number of Patents 
Number of Patents in Professional and  
Scientific Instruments 
Name 1992-2002 2003-2007 1992-2002 
% in total number 
of patents 
Case Western Reserve University 163 57 16 9.8% 
University of Akron 123 47 4 3.3% 
Cleveland State University 24 6 -- -- 
Cleveland Clinic Foundation 86 69 27 31.4% 
NASA (patents in Ohio) 160 76 18 11.3% 
The Ohio State University 218 134 19 8.7% 
University of Cincinnati 109 47 10 9.2% 
University of Dayton 47 19 6 12.8% 
TOTAL 930 455 100  
 
The second-largest anchor in Professional and Scientific Instruments patenting in Northeast Ohio is the 
National Aeronautics and Space Administration (NASA).  It was granted 18 patents in this product area in 
1992-2002, which constitutes 11.3% of their total patents.  Case Western Reserve University is the third-
largest contributor in Northeast Ohio (16 patents, 9.8%), but its number of total patents dropped to only 
57 during the last 5 years.  Ohio State and the University of Cincinnati, which are not located in 
Northeast Ohio, have their input in this area, but with a lesser specialization within their institutions.  
 The in-depth description of the innovation system components illustrates that the Cleveland 
MSA is a player in the national system of innovation in Professional and Scientific Instruments product 
field.  Cleveland inventors have a significant number of citations to their patents and draw their 
knowledge from innovation originated across the continental United States.  Although Cleveland 
appears to be less productive in normalized citations (by the number of patents in this field) compared 
to the metropolitan areas that lead patenting in this field, Cleveland is more efficient than many other 
mid-sized metropolitan areas.   
 Besides the visibility at the national level, Cleveland has a variety of institutions that are the 
building blocks of its regional innovation system in Professional and Scientific Instruments.  Led by the 
Cleveland Clinic Foundation and supported by a strong scientific medical cluster in Cleveland, this field 
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of innovation is one of the patenting areas of NASA and utilizes resources from regional academic 
institutions (Case Western Reserve University and University of Akron). 
 The presence of several local and multinational private companies with strong specialization in 
Professional and Scientific Instruments concludes the picture of this product patenting area as a system 
of innovation.   
 
CONCLUSIONS 
The Cleveland metropolitan area economy is undergoing a restructuring of its industrial sectors, 
losing employment primarily in some manufacturing industries, while gaining productivity and gross 
metropolitan product (GMP) in some manufacturing and other industries.  The Fund for Our Economic 
Future is leading the effort to focus public policies on factors that are predictors of positive regional 
growth as it is reflected in employment, per capita income, GMP, and productivity.  The Technology 
Commercialization factor driven by patenting activities in metropolitan statistical areas is one of the 
predictors with a strong positive impact on per capita income, productivity, and GMP (Austrian, Lendel, 
and Yamoah, 2007, p.22).  Information on patenting fields and patenting agents in the Cleveland MSA 
may inform public policy intended to promote innovation in the region.  
 Although Cleveland lags the national trend of patenting activity, especially in the early 2000s, 
there are fields of patenting (identified as product fields by a similarity with industrial structure) that are 
large and fast growing.  Among the fastest growing product fields of patenting, the Cleveland MSA 
shares only four fields with the nation and the foreign inventors who patent in the United States.  
Among these four fields, only one – Primary and Secondary Non-Ferrous Metals – is significantly large 
enough to be considered as a component of a regional innovation system.  Such a dissimilarity of fast-
growing innovative areas may suggest either poor innovative activity in Cleveland or that it holds a 
unique position within the variety of innovation fields.  Some previous studies of the Ohio economy 
point to the sluggishness of local mature companies in innovation and the resulting mix of older 
products in the regional economy.  There are four patent fields in Cleveland that are growing fast and 
are among the large or fast-growing fields for U.S. and foreign inventors.  These fields include 
Professional and Scientific Instruments, Fabricated Metal Products, Rubber and Miscellaneous Plastic 
Products, and Electronic Components and Accessories and Communications Equipment (Table 2, p.5). 
 In comparison to its peers (based on employment size), the Cleveland MSA lags not only in the 
total number of patents, but in patents per employee for all three periods of analysis, 2003, 1975-2003, 
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and 1999-2003 (Table 3, p. 10).  Akron and Canton also have a modest number of patents, but were 
comparable with their peer-group metropolitan areas due to the much smaller size of their economies 
and the innovation activity of some private anchor companies.   
 Even within the product patenting areas that are critical to Cleveland, the majority of citations 
local inventors are using as preceding knowledge in their patents are coming from the East and West 
Coasts – the country’s leading hubs of innovation.  Coastal metropolitan areas are also the main 
consumers of Cleveland’s knowledge in their patents within the relevant fields.  Comparison of the 
normalized citations on a per-patent basis shows that Cleveland (while compared to similar-sized MSAs) 
is consuming more external knowledge than the metropolitan areas that use knowledge from Cleveland 
inventors.  In comparison to the smaller sized economies with similar scopes of patenting activity, 
Cleveland, is slightly ahead in some specific fields of patenting. 
 One of the promising areas of innovation is identified by the product field Professional and 
Scientific Instruments.  It is not only a comparably large and growing patenting field for Cleveland, but 
also a field where the Cleveland MSA successfully competes with MSAs in its peer-cohort, such as 
Boulder, CO; Atlanta, GA; Pittsburgh, PA; and Columbus, OH.  Cleveland is not among the national 
leaders in this field, it is not only behind Los Angeles, CA; Minneapolis, MN; and Austin, TX; but also lags 
Philadelphia, PA; Washington, DC; and Detroit, MI.  However, since the measures of patenting efficiency 
and knowledge flows are descriptive and do not account for specifics within the same field of patenting, 
we placed a greater emphases on describing the components of a regional innovation system in 
Professional and Scientific Instruments.   
 Nationally, the Cleveland MSA ranked 26th in 2003 by the total number of patents in this field, 
and it was ranked between 22nd and 24th in the preceding 10 years.  Analysis of the cross-citation pattern 
of Professional and Scientific Instruments illustrates that Cleveland has a common knowledge base in 
related areas and a sufficient number of companies and non-private entities to anchor this innovation 
activity regionally.  Medical devices and equipment is a major area of patenting in Professional and 
Scientific Instruments.  Led by the Cleveland Clinic Foundation and NASA, supported by Case Western 
Reserve University and the University of Akron, the region has a vast number of private companies 
solidifying this regional innovation system.  Nationally, venture capital within the Medical Devices and 
Equipment industry ranked #4 in 2005 and #3 in 2006 and 2007; in 2007, $3.9 billion was invested in 385 
deals.  Only Software (#1 with $5.3 billion) and Biotechnology (#2 with $5.2 billion) secured more 
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venture capital.35  In Ohio, venture capital in the Medical Devices and Equipment industry grew from 
$19.3 million for three deals in 2005 to $74.1 million for ten deals in 2007. 
 The presence of all the components that can enable this system to work efficiently may 
encourage regional policy makers to look more closely at between-entity linkages and supporting 
infrastructure.  Studying linkages between these actors was not a goal of this study, but may be a 
promising area for future research.   
 
 
                                                          
35
 Source:  PricewaterhouseCoopers/National Venture Capital Association MoneyTree™ Report, Data:  Thomson Financial, 
https://www.pwcmoneytree.com/MTPublic/ns/nav.jsp?page=notice&iden=B, accessed April 17, 2008. 
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APPENDIX 1. 
 
Cooke et al. (1998) and Cooke and Morgan (1998) looked at the elements of NIS at the regional 
level and applied them to the regional innovation model.  They acknowledged the interactions between 
regional actors during the innovation process and defined a regional innovation system as “a collective 
order based on microconstitutional regulation conditioned by trust, reliability, exchange, and 
cooperative interaction” (Cooke et al. 1998, p.24-25).  The authors concluded that region-specific 
conditions and the types of relationships between the main regional actors influence the innovation 
process.  Cooke & Morgan (1998) noted that “regions which possess the full panoply of innovation 
organizations set in an institutional milieu where systemic linkage and interactive communication 
among the innovation actors is normal, approach the destination of regional innovation systems” (p.71).  
In the late 1990s and early 2000s, the concept of the components of RIS was widely studied and 
empirically tested, especially in Europe.36  Scholars have developed a typology to assess structural 
differences of RIS (Cooke et al. 1998, p.19-24) and conducted a comparative analysis of RIS (Hassink 
2001, p.1375).   
Gunasekara (2006) described four elements of RIS, deriving them from the wide pool of 
literature: (1) regional agglomeration, (2) the existence and quality of proximity capital, (3) associative 
regional governance, and (4) openness to learning, trust, and cooperation between firms as important 
cultural norms (p. 139-140).   
Within a similar framework, Sauer et al. (2006) conceptualized RIS as differing from merely the 
regional environment in its “coherence that defines the system as whole” (p.3) and hypothesized that 
RIS may provide the environment with an economic system and a technological system or may become 
an important spatial component of the technological system that is greater than its regional component.  
Such a technological system can be national or global in its spatial nature and can assess the life-cycle 
approach within the classification of technological systems or industrial clusters.  Iammarino and 
McCann (2006) classified industrial clusters within the different stages in the evolution of technological 
innovation systems and identified four life-cycle stages of innovation systems with corresponding 
knowledge bases and types of industrial regimes.  The first stage is called the Entrepreneurial Innovation 
System, which is based on tacit, new, generic, non-systematic, sticky and leaky knowledge and describes 
a New Social Networks industrial regime.  The second stage is called the Institutionalized Innovation 
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System.  This system is based on mixed, systemic, driven by routines, R&D-intensive knowledge and 
constitutes Industrial Complex as the industrial regime in this stage of innovation.  The third and 
definitely less innovative stage of the technological innovation system life-cycle, called the Mature 
Technological System, is based on mixed, mature, and incremental knowledge within Old Social 
Networks.  The last and the least progressive fourth stage is called the Declining Technological System.  
This stage is based on codified, explicit, and mobile knowledge and identifies a Pure Agglomeration 
industrial regime (Iammarimo & McCann 2006 in Sauer et al. 2006).  Each stage of this life cycle of the 
technology system is based on a different phase of knowledge spillovers and has different requirements 
in the presence of knowledge-generating institutions within the regional system of innovation. 
Oinas and Malecki (2002) characterize RIS by three distinctive features: “(1) the collectivity that 
somehow encompasses… a region in its entirety, (2) the emphasis put on the soft aspects of economic 
activity, and increasingly (3) extralocal connections” (p.105).  They look at regions and their RIS within 
the concept of Spatial Innovation Systems (SIS) where the components of a technological system can be 
developed in many places simultaneously.  Each place can be specialized within its RIS (or even NIS) and 
can contribute to the overall progress of SIS advancing its own regional economy: “the ‘travels’ that 
technologies make in space and over time as knowledge flows take place along with the progress made 
in the frontiers of those components” (p.109).  Oinas and Malecki (1999) differentiate three types of 
regions that participate in SIS: adopters, adapters, and genuine innovators.  They call genuine innovators 
the RIS that produce new world innovations in specific technologies.  These regions collaborate and 
compete with other leading-edge RIS in this technology and may be at any stage of the innovation 
cycles.  The adapters are regions with RIS that create an environment for improvement and incremental 
innovation and are able to adopt innovation from an external source and improve it.  Finally, adopters 
are regional “imitator systems,” which diffuse innovation relatively slowly, but still are able to import 
innovation from external sources by adopting technologies as users and learning by imitating.  They 
adopt the innovation to old and mature products, not significantly improving them. 
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APPENDIX 2. 
Table A-1. Examples of the Multiple-Inventor Patents Issued in 2003 
Patent 
number 
Last 
name First name City State 
Inventor 
sequence Company 
Application 
year 
6504224 Ahn Kie Chappaqua NY 1 Micron Technology, Inc. 2000 
  Farrar Paul So. Burlington VT 3  2000 
  Forbes Leonard Corvallis OR 2  2000 
6514820 Ahn Kie Chappaqua NY 1 Micron Technology, Inc. 2001 
  Forbes Leonard Corvallis NY 2   2001 
6570248 Ahn Kie Chappaqua NY 1 Micron Technology, Inc. 2001 
  Cloud Eugene Boise ID 3  2001 
  Forbes Leonard Corvallis OR 2  2001 
6593656 Ahn Kie Chapapqua NY 1 Micron Technology, Inc. 2002 
  Geusic Joseph Berkeley Heights NJ 2   2002 
6566098 Chan Andrew Rockville MD 1 United States of America, Health & Human Services 1995 
  Rubin Jeffrey Rockville MD 2  1995 
  Bottaro Donald Kensington MD 3  1995 
  Aaronson Stuart New York City NY 4  1995 
6639060 Kraus Matthias Bethesda MD 1 United States of America, Health & Human Services 1998 
  Aaronson Stuart Vienna VA 2   1998 
6653084 King C. Washington DC 1 United States of America, Health & Human Services 1995 
  Kraus Matthias Bethesda MD 2  1995 
  Aaronson Stuart Great Falls VA 3  1995 
6660488* Aaronson Stuart New York NY 2 United States of America, Health & Human Services 2001 
  Pierce Jacalyn Pukalani HI 3   2001 
 
 
*Inventor #1 resides in Japan. 
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Figure A-1. Number of Patents per 100,000 Employees in Top Performing Metropolitan Areas, 1980-2003 
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Figure A-2.  Knowledge Flows from Cleveland: 1997-2001 Cleveland MSA Patents Cited in 2003 Patents Originated in Other MSAs 
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MSA Name MSA Name 
Total Percent Total Percent
Cleveland 325 9.2% Albany 54 1.5% 
Los 
Angeles 
1 - 6 4.9% Milwaukee 48 1.4% 
San Jose 160 4.5% Pittsburgh 47 1.3% 
New York 155 4.4% Washington 47 1.3% 
San Francisco 135 3.8% Cincinnat
i 
46 1.3% 
Minneapolis 134 3.8% Canton 39 1.1% 
Akron 126 3.6% Dallas 39 1.1% 
Boston 102 2.9% Austin 38 1.1% 
Chicago 100 2.8% Seattle 35 1.0% 
Detroit 91 2.6% Portland 35 1.0% 
St. Louis 90 2.6% Phoenix 35 1.0% 
Philadelphia 73 2.1% Baltimore 33 0.9% 
San Diego 67 1.9% Houston 33 0.9% 
Atlanta 61 1.7% 
Weight             
1997-2001 
Weight            
1997-2001 
Total Number of Patents: 3520 
172 - 325 
74 - 171 
31 - 73 
1 - 30 
0 190 380 570 760 95 
Miles
Sources of Data: USPTO
Projection: Albers
Center for Economic Development, CSU
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Figure A-3.  Knowledge Flows to Cleveland: 1997-2001 Patents Originated in Other MSAs Cited by 2003 Cleveland MSA Patents 
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MSA Name MSA Name 
Total Percent Total Percent 
Cleveland 454 12.7% Houston 52 1.5% 
New York 201 5.6% Canton 50 1.4% 
Los Angeles 194 5.4% Milwaukee 47 1.3% 
Boston 141 4.0% Washington 44 1.2% 
Akron 137 3.8% Seattle 42 1.2% 
San Francisco 132 3.7% Bridgeport 42 1.2% 
Chicago 123 3.5% Atlanta 42 1.2% 
San Jose 119 3.3% Cincinnati 39 1.1% 
Philadelphia 101 2.8% Phoenix 39 1.1% 
Minneapolis 87 2.4% San Diego 36 1.0% 
Detroit 74 2.1% Oxnard 34 1.0% 
Baltimore 52 1.5% 
Weight             
1997-2001 
Weight            
1997-2001 
Total Number of Patents: 3563 Center for Economic Development, CSU 
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Figure A-4. Knowledge Flows from Cleveland: 1992-1996 Cleveland MSA Patents Cited in 2003 Patents Originated in Other MSAs 
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MSA Name MSA Name 
Total Percent Total Percent 
Cleveland 221 7.9% San Diego 35 1.3% 
Minneapolis 149 5.3% Pittsburgh 33 1.2% 
San Jose 126 4.5% Washington 33 1.2% 
Los Angeles 123 4.4% Seattle 32 1.1% 
Boston 113 4.1% Canton 29 1.0% 
San Francisco 113 4.1% Denver 27 1.0% 
New York 112 4.0% Baltimore 27 1.0% 
Akron 97 3.5% Austin 27 1.0% 
Chicago 78 2.8% Boulder 26 0.9% 
St. Louis 76 2.7% Rochester 25 0.9% 
Philadelphia 67 2.4% Portland 24 0.9% 
Detroit 66 2.4% Providence 23 0.8% 
Houston 55 2.0% Memphis 23 0.8% 
Albany 53 1.9% Bridgeport 22 0.8% 
Atlanta 49 1.8% Milwaukee 20 0.7% 
Cincinnati 35 1.3% Worcester 20 0.7% 
Weight             
1992-1996 
Weight             
1992-1996 
Total Number of Patents: 2790 
Patenting by Cleveland’s Inventors 
 
Center for Economic Development, Maxine Goodman Levin College of Urban Affairs 34 
Cleveland State University 
Figure A-5. Knowledge Flows to Cleveland: 1992-1996 Patents Originated in Other MSAs Cited by 2003 Cleveland MSA Patents 
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MSA Name MSA Name
Total Percent Total Percent 
Cleveland 278 10.6% Albany 3
4 
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Los Angeles 146 5.5% Seattle 3
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Total Number of Patents: 2632
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Table A-2. U.S. MSAs' 2003 Professional and Scientific Instruments Patents Citing Cleveland  
MSA Name 2002 1997-2001 1992-1996 Total 
TOTAL 87 905 771 1,763 
Los Angeles-Long Beach-Santa Ana, CA 6 69 69 144 
San Francisco-Oakland-Fremont, CA 8 63 70 141 
San Jose-Sunnyvale-Santa Clara, CA 7 62 66 135 
Minneapolis-St. Paul-Bloomington, MN-WI 5 67 53 125 
Cleveland-Elyria-Mentor, OH 7 59 23 89 
Boston-Cambridge-Quincy, MA-NH 5 38 43 86 
New York-Northern New Jersey-Long Island, NY-NJ-PA 4 34 27 65 
San Diego-Carlsbad-San Marcos, CA 3 28 15 46 
Chicago-Naperville-Joliet, IL-IN-WI 3 22 12 37 
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 2 20 15 37 
Akron, OH 2 24 6 32 
Boulder, CO  14 13 27 
Austin-Round Rock, TX  9 15 24 
Memphis, TN-MS-AR  11 12 23 
Washington-Arlington-Alexandria, DC-VA-MD-WV  12 11 23 
Seattle-Tacoma-Bellevue, WA 1 8 13 22 
Baltimore-Towson, MD  9 12 21 
Miami-Fort Lauderdale-Miami Beach, FL 2 14 4 20 
Atlanta-Sandy Springs-Marietta, GA  12 8 20 
Cincinnati-Middletown, OH-KY-IN 1 10 8 19 
Bridgeport-Stamford-Norwalk, CT  10 9 19 
Denver-Aurora, CO 1 8 9 18 
Dallas-Fort Worth-Arlington, TX  10 8 18 
Detroit-Warren-Livonia, MI  11 6 17 
Riverside-San Bernardino-Ontario, CA 1 5 10 16 
Pittsburgh, PA  11 5 16 
Tampa-St. Petersburg-Clearwater, FL 4 9 2 15 
Providence-New Bedford-Fall River, RI-MA 1 7 7 15 
Rochester, NY 1 5 8 14 
St. Louis, MO-IL 1 8 5 14 
Santa Cruz-Watsonville, CA  9 4 13 
Milwaukee-Waukesha-West Allis, WI  12 1 13 
Louisville, KY-IN 2 8 1 11 
Columbus, OH 1 5 5 11 
Houston-Baytown-Sugar Land, TX 2 4 4 10 
Albany-Schenectady-Troy, NY 1 4 5 10 
Manchester-Nashua, NH 1 6 3 10 
New Haven-Milford, CT 1 6 3 10 
Salt Lake City, UT  1 9 10 
Madison, WI  3 7 10 
Logan, UT-ID  4 6 10 
Worcester, MA  5 5 10 
Virginia Beach-Norfolk-Newport News, VA-NC  4 5 9 
Ann Arbor, MI 1 3 4 8 
Santa Barbara-Santa Maria-Goleta, CA   8 8 
Other MSAs 13 162 137 312 
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Table A-3. Citations of U.S. MSAs’ Patents in Cleveland’s 2003 Professional and Scientific 
Instruments Patents 
MSA Name 2002 1997-2001 1992-1996 Total 
TOTAL 67 852 698 1,617 
Cleveland-Elyria-Mentor, OH 9 76 32 117 
San Francisco-Oakland-Fremont, CA 4 48 52 104 
Los Angeles-Long Beach-Santa Ana, CA 3 42 51 96 
Boston-Cambridge-Quincy, MA-NH 1 42 36 79 
San Jose-Sunnyvale-Santa Clara, CA   43 33 76 
New York-Northern New Jersey-Long Island, NY-NJ-PA 3 37 33 73 
Minneapolis-St. Paul-Bloomington, MN-WI 1 31 33 65 
Chicago-Naperville-Joliet, IL-IN-WI 1 25 19 45 
Akron, OH 5 21 13 39 
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 2 16 21 39 
Detroit-Warren-Livonia, MI 1 18 17 36 
Tampa-St. Petersburg-Clearwater, FL 1 13 10 24 
San Diego-Carlsbad-San Marcos, CA 1 13 9 23 
Seattle-Tacoma-Bellevue, WA 1 16 5 22 
Houston-Baytown-Sugar Land, TX   12 10 22 
Dallas-Fort Worth-Arlington, TX   12 9 21 
Memphis, TN-MS-AR   12 8 20 
Ann Arbor, MI   14 6 20 
Phoenix-Mesa-Scottsdale, AZ 1 10 8 19 
Austin-Round Rock, TX 3 8 6 17 
Washington-Arlington-Alexandria, DC-VA-MD-WV 2 12 3 17 
Hartford-West Hartford-East Hartford, CT   4 13 17 
Albany-Schenectady-Troy, NY   6 11 17 
Miami-Fort Lauderdale-Miami Beach, FL   10 7 17 
Milwaukee-Waukesha-West Allis, WI   9 7 16 
Denver-Aurora, CO 1 9 5 15 
Pittsburgh, PA 1 5 7 13 
Indianapolis, IN   4 9 13 
Madison, WI  10 3 13 
Other MSAs  26 274 222 522 
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Table A-4. Complete List of Universities Patenting in Professional and Scientific Instruments 
Field, 1996-2002 
 
Arizona State University 
The University of Oklahoma 
Brandeis University 
Case Western Reserve University 
California Institute of Technology 
Columbia University 
Duke University  
Johns Hopkins University 
Kansas State University  
Massachusetts Institute of Technology 
Michigan Technological University 
New Mexico State University Technology Transfer Corporation 
New York University 
Ohio State University, The 
Princeton University 
Rockefeller University 
Stanford University 
Texas A&M University System 
University of Arkansas 
University of Dayton 
University of California 
University of Cincinnati 
University of Connecticut 
University of Florida  
University of Illinois 
University of Medicine And Dentistry of New Jersey 
University of Melbourne 
University of Miami 
University of Michigan 
University of Minnesota 
University of New Mexico 
University of Pennsylvania 
University of Texas 
University of Utah  
University of Washington 
University Technologies International Inc.(University of Calgary) 
Virginia Commonwealth University 
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Table A-5. Ohio Patenting Private and Public Assignees in Professional and Scientific Instruments, 2002-2003  
Cleveland 2002 Akron 2002 other Ohio Universities/Research Institutions 
Depuy Acromed, Inc. Picker International, Inc. Stampede Technologies, Inc. (Dayton) Kansas State University Research Foundation 
Picker International, Inc. Rockwell Automation Technologies, Inc Steris Inc. (Erie) Michigan Technological University 
Cleveland Clinic Foundation Koninklijke Philips Electronics N.V.   California Institute of Technology 
Koninklijke Philips Electronics N.V.     Arizona State University 
Steris Inc.       
Avery Dennison Corporation       
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Table A-6. Ohio Patenting Private and Public Assignees in Professional and Scientific Instruments, 1997-2001  
Cleveland 1997-2001 Akron 1997-2001 other Ohio Universities/Research Institutions 
Acromed Corp./'Depuy Acromed, 
Inc./'Depuy Motech Acromed, Inc. 
Acromed Corporation 
B. F. Goodrich Co. 
Farmex, Inc. 
General Electric Company 
Board of Regents of The University of Oklahoma  
Case Western Reserve University 
Advanced Imaging Research, Inc. Glass Equipment Development, Inc. Georgia Tech Research Corp. Cleveland Clinic Foundation 
Allen Bradley Company, LLC Hubbell Incorporated Hill-Rom Company, Inc. Columbia University 
Avery Dennison Corporation Lubrizol Corporation Mauch Laboratories, Inc. Johns Hopkins University 
Axxess Technologies, Inc. Marconi Medical Systems, Inc. Mb Dynamics Massachusetts Institute of Technology  
Baxter International Inc. 
Bayer Corporation 
Nordson Corporation 
Ortho Helix Limited 
Mr. Heater, Inc. 
Owens-Brockway Glass Container Inc. 
New Mexico State University Technology Transfer 
Corporation 
Carl Zeiss, Inc. Picker International, Inc. The Columbiana Boiler Company New York University 
Chiron Diagnostics Corporation Rockwell Technologies, LLC Worens Group Inc. Ohio State University, The 
Diagnostic Hybrids, Inc. 
Diversified Technologies, Inc. 
Saint-Gobain Industrial Ceramics, Inc. 
Swagelok Company 
Zimmer, Inc. 
 
Stanford University, Leland Junior, The Board of 
Trustees of 
Edwards Lifesciences Corp.   United States of America, NASA 
Ferro-Corporation   University of Arkansas 
Glass Equipment Development, Inc.   University of California, The Regents of 
Glowcore Acquisition Company, Inc.    University of Cincinnati 
Hubbell Incorporated    University of Dayton 
Interbold     University of Florida Board of Regents 
Invacare Corporation     University of Melbourne 
K & T Of Lorain, Ltd. + K&T Ltd.     University of Michigan 
Lincoln Global, Inc.     University of Minnesota, The Regents of 
Lubrizol Corporation     University of Texas 
Lumitex, Inc.     University of Utah Research Foundation 
Marconi Medical Systems, Inc.     University of Washington 
Micro Therapeutics, Inc.     Virginia Commonwealth University 
Navius Corporation       
Nordson Corporation       
Picker International, Inc.       
Reliance Electric Industrial Company       
Rockwell Technologies, LLC       
Sonometrics Corporation       
Steris Corporation       
Swagelok Company       
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Table A-7. Ohio Patenting Private and Public Assignees in Professional and Scientific Instruments, 1992-1996  
Cleveland 1992-1996 Akron 1992-1996 other Ohio Universities/Research Institutions 
Acromed Corporation Acromed Corporation Avery Dennison Corporation Brandeis University 
Advanced Ceramics Corporation Ferro-Corporation Bridgestone/Firestone, Inc. Case Western Reserve University 
Avery Dennison Corporation Glass Equipment Development, Inc. Epic Technologies, Inc. Duke University Inc. 
Baxter International Inc. Goodyear Tire + Rubber Company Farmex, Inc. Massachusetts Institute of Technology 
Endosonics Corporation Isolab, Incorporated General Electric Company  Princeton University 
Epic Technologies, Inc. Nordson Corporation General Motors Corporation Rockefeller University 
Ferro-Corporation 
General Motors Corporation 
Picker International, Inc. 
Trionix Research Laboratory, Inc. 
Goodyear Tire + Rubber Company 
Horton Company 
Stanford University, Leland Junior, The Board of 
Trustees of 
Goodyear Tire + Rubber Company  Invacare Corporation  Texas A&M University System 
Invacare Corporation  Mauch Laboratories, Inc. University of California, The Regents of 
Lumitex, Inc.  New Dimensions In Medicine, Inc. University of Connecticut 
Medrad, Inc.   Ohio Medical Instrument Company, Inc. University of Florida Board Of Regents 
Nordson Corporation   Spine-Tech, Inc. University of Illinois 
Picker International, Inc.    University of Medicine And Dentistry of New Jersey 
Trionix Research Laboratory, Inc.    University of Miami 
Van Dorn Company    University of Michigan 
    University of New Mexico 
    University of Pennsylvania 
     
University Technologies International Inc. 
(University of Calgary) 
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